Two new seco-prezizaane-type sesquiterpenoids 1, 2 and two new prenylated phenylpropanoids 4, 5 were isolated along with 15 known compounds from Illicium fargesii. The structures of 1, 2 were elucidated as 10-O-(E)-and 10-O-(Z)-cinnamoyl-2-oxo-6-deoxyneoanisatin by analysis of spectroscopic data and by comparison of their NMR data with those of previously reported 2-oxo-6-deoxyneoanisatin (3), respectively, whereas the structures of 4, 5 were identified as 4-allyl-2-(3-methylbut-2-en-1-yl)phenol and 4-allyl-2-(2-methylbut-3-en-2-yl)phenol, respectively, on the basis of spectroscopic data. Among the isolated compounds, macranthol (7) was found to have neuroprotective activity at 5-10 m mM in rat cortical neurons cultured in DMEM/N 2 medium.
Over 70% of the species present in Illiciaceae are distributed in China, mostly indigenous to Southwestern and Eastern China. Chinese star anise, Illicium verum HOOK. f., and I. jiadifengpi are included in the Pharmacopoeia of the People's Republic of China (Edition 1995). 1) Illicium fargesii (Illiciaceae), a medium-sized flowering tree, is indigenous to southwestern China and its fruit is used locally as a folk medicine for the treatment of rheumatism. As part of our continuing studies on neurotrophic-like active compounds in Illicium species, 2) we investigated the chemical constituents of the pericarps of I. fargesii, collected in Sichuan, China, resulting in the isolation of two new seco-prezizaane-type sesquiterpenoids 1, 2 and two new prenylated phenylpropanoids 4, 5. In this paper, we report the structure elucidation of new compounds and the neurotrophic activity of isolated compounds in the primary cultured rat cortical neurons.
The MeOH extract of dried pericarps of I. fargesii was subjected to repeating column chromatography over silica gel and Sephadex LH-20, and finally purified by reversed-phase HPLC, resulting in the isolation of new compounds 1, 2, 4, and 5, together with 15 known compounds, anisatin, 3) 2-oxo-6-deoxyneoanisatin (3), 4) 3,4-dehydro-2-oxo-anisatin, 4) dictagymnin, 5) 3-methyl-2-buten-1-yl-cinnamate, 6) pyrocatechol, 7) geranylcinnamate, 8) cinnamic acid, 2-methoxyphenol, honokiol, 9) magnolol, 9) isomagnolol, 10) isoduinnianol (6), 11) macranthol (7), 12) and integrifoliolin. (Table 1 ) of 1 were similar to those of 2-oxo-6-deoxyneoanisatin (3), previously reported by Kouno, 4) except for the presence of the cinnamoyl group. The H-10 and C-11 resonances in 1 were significantly shifted downfield to d H 6.20 and upfield to d C 168.7, respectively, in comparison to NMR data (d H 4.53 for H-10; d C 174.6 for C-11) of 3. This implied that the cinnamonyl group was attached to oxygen at the C-10 position. The structure was further confirmed by analysis of 2D NMR data (H/H COSY, HMQC, HMBC, and NOESY). As summarized in Fig. 1 , the HMBC correlations indicated the plain structure of 1 corresponding to that of 3, in particular, the HMBC correlation between H-10 at d H 6.20 (s) and the cinnamoyl carbonyl carbon at d C 165.2 provided evidence for the C-10 position of the cinnamoyl moiety. In addition, the NOE data, as shown in Fig. 1 , proved the relative stereochemistry of 1 to be the same as that of 3. Thus, based on the aforementioned spectroscopic data, compound 1 was elucidated as 10-O-(E)- (Table 1) were found to be similar to those of 1 except for a small coupling constant value (12.6 Hz) between H-2Ј and H-3Ј assignable to a cinnamoyl group. Both molecular and base ion peaks at m/z 440 and 131 were observed on the EI-MS. These spectral data disclosed that 2 is a Z isomer of the cinnamoyl ester unit bonded to C-10 of 1. The 2D NMR data of 2, including HMBC and NOESY, were consistent with those of 1 except for a Z stereochemistry of the cinnamoyl group; thus, the structure of 2 was represented as 10-
The molecular formula of compound 4 was determined as C 14 2 Hz) . These spectroscopic data implied that 4 was a prenylated allylphenol. The C-2 position of the prenyl group was defined by HMBC correlations of H-10 to C-1 (d C 153.1) and C-2 (d C 127.4) signals. In addition, the methylene H 2 -7 of the allyl group showed the HMBC correlation to C-4 (d C 132.1), C-3 (d C 130.5) and C-5 (d C 127.6) resonances, indicating that the allyl group was substituted at the C-4 position; thus, the structure of 4 was determined to be 4-allyl-2-(3-methylbut-2-en-1-yl)phenol.
Compound 5 was found to have the same molecular formula as 4 from the HR-EI-MS. Spectroscopic data, including 1 H-and 13 C-NMR data, indicated that 5 was also a 1,2,4-trisubstituted phenol having an allyl group and a C5 unit. This C5 unit turned out to be a 1,1-dimethylallyl group based on the NMR data at d 9) carbons. On the basis of the aforementioned spectroscopic data, the structure of 5 was assigned as 4-allyl-2-(2-methylbut-3-en-2-yl)phenol.
We previously reported that honokiol and magnolol have promising neurotrophic properties, 14) and also isodunnianol (6) exhibited neurite-outgrowth promoting activity.
15) The compounds isolated in the present study, however, had no effect on the morphology of rat cortical neurons cultured in Neurobasal medium supplemented with B-27 14,16) at 10 mM, except for honokiol, magnolol and isodunnianol, whereas macranthol (7) was found to exhibit neuroprotective activity in rat cortical neurons cultured in DMEM/N 2 medium 14,16) at 5-10 mM (Fig. 2) . To understand which hydroxy groups in 7 are responsible for neuroprotective activity, six O-methylated derivatives 7a-f 17) were prepared by treatment of 7 with trimethylsilyldiazomethane (TMSCHN 2 ). The assay results shown in Fig. 2 suggested that one of two hydroxy groups on the A and C rings is essential for neuroprotective activity, but the hydroxy group on the B ring is not necessary. Taking   1202 Vol. 56, No. 8 (7) and Its O-Methyl Derivatives 7a-f
In each group, average viability was calculated from 6 wells of one plate and normalized as a percent of the control. Data were expressed as the meanϮS.E. (nϭ6). Differences between groups were tested with one-way ANOVA followed by Bonferroni post hoc means comparison or Student's t-test. ###, * * * pϽ0.001 compared with control. Data were derived from one of three repeated experiments with similar results. a detailed look at the structure of 7, two biaryl units are present in the molecule, corresponding to magnolol (A-C ring) and honokiol (A-B ring) parts. From the present structure-activity relationships of methylated analogues, the magnolol part was proved to play a more important role in neuroprotective activity than the honokiol part. This conclusion is consistent with the fact that magnolol showed more potent neuroprotective activity than honokiol.
14) The present studies encourage us to develop potent neuroprotective agents from magnolol, a readily available natural product in a large amount, by modification of the biaryl structure with appropriate substituents. Further study is now underway along this line.
Experimental
General Optical rotations were measured on a JASCO P-1030 digital polarimeter. IR and UV spectra were recorded on a JASCO FT/IR-410 infrared and a Shimadzu UV-1650PC spectrophotometer, respectively. 1 H-NMR (600 MHz) and 13 C-NMR (150 MHz) spectra were measured on a Varian Unity 600 instrument. NMR assignments were made using DEPT, H-H COSY, HMQC, and HMBC experiments. Chemical shifts are expressed as d (ppm) with trimethylsilane (TMS) as the internal standard. MS spectra were recorded on a JEOL JMS-AX 500 instrument. Silica gel column chromatography was performed on Wako-gel C-300 and Silica gel 60N (Kanto Chemical Co., Ltd.). HPLC was performed on a JASCO PU-1580 HPLC system equipped with a JASCO UV-1575 detector.
Plant Material The pericarps of I. fargesii were collected in Sichuan, China, in August 1998, and identified by Prof. Chun-Shu Yang. A voucher specimen has been deposited at Beijing University of Chinese Medicine.
Extraction and Isolation The dried pericarps of I. fargesii were extracted with MeOH to yield an MeOH extract (600 g). The extract (240 g) was chromatographed over a silica gel (Silica gel 60N), eluting with a step gradient of CH 2 Cl 2 (100%), CH 2 Cl 2 -EtOAc (9 : 1), CH 2 Cl 2 -EtOAc (1 : 1), CH 2 Cl 2 -EtOAc (1 : 9), EtOAc (100%), EtOAc-MeOH (9 : 1) and EtOAc-MeOH (1 : 1) to yield 8 fractions (1-8). Fraction 3 (8.5 g) was separated by column chromatography on silica gel (Wako-gel C-300), eluting with n-hexane-EtOAc (4 : 1) to yield 9 fractions. The eighth fraction (850 mg) was separated by column chormatography on Sephadex LH-20 using MeOH and then purified by HPLC on a Cosmosil 5C18-AR-II column (10ϫ250 mm) with MeOH-H 2 O (13 : 7, at a flow rate of 2.0 ml min Ϫ1 ) to yield compounds 1 (30 mg), 2 (3 mg) and 3 (40 mg). Fraction 1 (4.4 g) was first subjected to silica gel (Wako-gel C-300) column chromatography, eluting with n-hexane-EtOAc (4 : 1) to yield 8 fractions. The first fraction (4.4 g) was purified by column chromatography on a silica gel, eluting with n-hexane/EtOAc (4 : 1) to yield 7 (55 mg) and 8 (15 mg), which were identified by analysis of their NMR data as well as by comparison with previously reported NMR data. 10, 11) The fourth fraction (1.6 g) was separated by column chromatography on a silica gel, eluting with n-hexane/EtOAc (4 : 1) to yield compound 5 (26 mg). The fifth fraction (750 mg) was purified by HPLC on a Cosmosil 5C18-AR-II column (10ϫ250 mm) with MeOH-H 2 O (19 : 1, at a flow rate of 2.0 ml min Ϫ1 ) to yield compound 4 (12 mg). 11-O-(E)-Cinnamoyl-2-oxo-6-deoxyneoanisatin (1) C-3), 132.1 (C-4), 133.3 (C-12), 138.5 (C-8), 153.1 (C-1) .
4-Allyl-2-(2-methylbut-3-en-2-yl)phenol (5) Neuroprotective Assay Neuronal viability was determined in the MTT reduction assay as previously described. 16) Briefly, cortical neurons from fetuses of E18 rats were cultured in poly-L-lysine-coated 96-well plates in DMEM/10% FBS at a density of 2ϫ10 5 cells/cm 2 for 24 h, and then the medium was changed to DMEM/1% N 2 supplement containing test samples. After a further 48 h culture, neuronal viability was determined by the MTT assay.
